Our study supports the continued use of this arthroplasty and documents the durability of hydroxyapatite-ceramic-coated components.
Durable fixation of prosthetic components to bone is the key to successful revision total hip arthroplasty (THA). However, there have been increasing concerns about the longevity of cemented acetabular and femoral components used in revision surgery. [1] [2] [3] [4] Despite improvements in cementing techniques and component design, results have shown high rates of radiological loosening, especially for the acetabulum after a relatively short follow-up. [5] [6] [7] In recent years cementless revision has become more popular. [8] [9] [10] [11] [12] [13] It allows direct biological contact between the implant and bone and the ability to remodel over time in order to maintain mechanical stability.
14, 15 The results of the use of hydroxyapatite-ceramic (HAC)-coated implants in primary hip arthroplasty have already been reported in several large series [16] [17] [18] [19] [20] [21] as have the medium-term results for cementless fixation in revision hip surgery. However, there have been few long-term studies on the use of HAC-coated implants in the revision of cemented THA.
Since 1987 we have routinely used an HACcoated prosthesis for the revision of cemented THA. We report the long-term follow-up of a consecutive series of cementless revision hip arthroplasties using JRI-Furlong HAC-coated femoral and acetabular components (JRI Instrumentation Ltd, London, UK) in which both the primary components had been cemented. Our aim was to assess the clinical and radiological results for patients who had been followed up for between seven and 15 years after revision hip arthroplasty. We analysed the durability, longevity and survival of this type of arthroplasty.
Patients and Methods
Approval of the research review board and local ethics committee was obtained for the study. We identified 82 consecutive patients (86 hips) who had undergone a revision hip arthroplasty between February 1987 and February 1997 using JRI HAC-coated acetabular and femoral components because of failure of one or both cemented primary components. The mean age of the patients was 71.2 years (58 to 81), there were 49 women and the mean THE JOURNAL OF BONE AND JOINT SURGERY time to revision of the primary hip replacement was 96 months (24 to 161).
A retrospective analysis was performed and the following data were recorded: age, gender, type of primary arthroplasty, time to revision, indication for revision, components revised and complications of revision arthroplasty. The types of primary THA which were revised are given in Table I . The senior author (PDA) performed 69 (80%) of the 86 revision procedures and two other consultants (JGS, ASM) in the unit performed the others. The acetabular component was revised in 62 hips (72%). Of these, threaded acetabular components were used in 37 (60%) and augmented cancellous screw fixation (CSF; JRI Ltd) with between three and five (median three) screws in 25 (40%). Operative technique. A posterolateral approach was used in 71 hips (83%) and a lateral (Hardinge) approach in the remainder. 22 The loose components and debris were removed to expose healthy bone. Acetabular grafting using allograft supplements (morcellised and irradiated) was performed in 24 (39%) of the acetabular revisions of which two had segmental, 19 had cavitary and three combined defects. The defects were filled with allograft and a trial prosthesis and reamers were used to impact the graft into position. The trial prosthesis was inserted in order to assess the appropriate size, aiming for at least 50% of host bone contact for stability. With the threaded cups, purchase of three threads covering at least half of the circumference of the acetabulum was achieved. Using a trial cup, the rim of the acetabulum was checked for its ability to take load. The CSF cups were impacted into a reamed bed of the same diameter with at least 50% bone contact. Polyethylene liners were used in all the acetabular components. The femoral component was revised in all hips. A lateral femoral window was created in 26 hips (30%) in order to aid extraction of the femoral component and cement. The windows were closed using cerclage straps (Howmedica, Rutherford, New Jersey). The femur was prepared so that metaphyseal fixation at the shoulder of the trial prosthesis could be obtained. The trial implant was also used to assess bone contact and stability. A long-stem (250 mm) component was used in seven patients in whom proximal bone contact was unsatisfactory. A cobalt-chrome head was used in 78 hips and an alumina head in eight.
No patient received prophylaxis for heterotopic calcification. The mean follow-up period was 12.6 years (7 to 15) and no patient was lost to follow-up. Eleven patients died from causes which were unrelated to the revision. Clinical evaluation. Clinical results, including complications and further revisions, were available for all patients. Data for those who died were obtained from telephone interviews with their closest relatives and general practitioners in order to identify treatment at other hospitals. Because of the relatively static population, we were able to assess the clinical outcome in all 71 surviving patients. Each patient gave verbal consent for completion of the questionnaire about their current health status and for the data to be included in the study. In 66 patients the clinical outcome was assessed in dedicated research clinics and in the other five assessment was done at home. At the last follow-up, the clinical outcome was measured using the Harris, 23 the Charnley modification of the Merle d'Aubigné and Postel 24 and the Oxford hip scores. 25 Anterior thigh pain was quantified on a visual analogue scale (VAS) of 0 to 10, with 10 being the worst possible pain.
The health-related quality of life was assessed using EuroQol EQ-5D, a self-reported health-status questionnaire. 26 The EQ-5D scores were compared with those derived from a representative national survey of the UK population. 27 The EQ-5D has been found to be acceptable, valid and reliable in population studies and in other patient groups. 28, 29 Radiological evaluation. Two authors (RR, PDA) systematically reviewed the pre-operative radiographs and those taken at three months after operation and at the last followup. A standard anteroposterior (AP) radiograph was used as the basis of the study. The pre-operative radiographs were evaluated for bony deficiencies of the acetabulum using the system developed by the American Academy of Orthopaedic Surgeons (AAOS). 30 Immediate post-operative and final post-operative radiographs were analysed for bony ingrowth and cup-bone radiolucencies in the zones of DeLee and Charnley. 31 Linear acetabular wear was measured primarily using the method [32] [33] [34] described by Livermore et al which is accurate to approximately 0.1 mm. 35 Wear was measured from the radiographs taken at three months and at final follow-up. When it was difficult to locate the exact centre of the femoral head as it was obscured by the metal-backed acetabular component, the linear wear was measured by other established methods. 33, 34 Acetabular inclination was measured on the AP radiograph as previously described [36] [37] [38] as was a vertical change in the position of the acetabular component. 39 Definite loosening of this component was diagnosed when there was a change in its position (> 2 mm vertically and/or horizontally) or a continuous radiolucent line wider than 2 mm on the AP radiograph. 40, 41 A co-efficient, the ratio of the actual and measured widths of the femoral head, was calculated for each radiograph and was used to adjust all measurements for magnification. Loss of femoral bone in the pre-operative radiographs was classified as described by Paprosky et al. 9 The fixation and stability of the femoral component were assessed using the criteria described by Engh, Massin and Suthers 42 and the femoral components were considered to be stable if they showed definite signs of bony ingrowth. 43 Radiolucency at the component-bone interface and endosteal bone formation were identified based upon the seven zones of Gruen, McNeice and Amstutz. 44 Stress shielding, if present, was classified as minimal, moderate or severe as described by Moreland and Moreno 45 and was recorded only for those femoral stems which demonstrated bony ingrowth. Formation of intramedullary bone at the tip was classified as none, slight (as indicated by a radiopaque halo) or complete (as indicated by a pedestal). 42 Definite loosening of the femoral component was defined as a progressive axial subsidence of > 3 mm. 41 Heterotopic ossification was classified using the system proposed by Brooker et al.
46
Statistical analysis. Kaplan-Meier survivorship analysis was used to estimate the probability of retention of the component as a function of time since the initial revision. 47 With the data available, survivorship analyses were performed for the following end-points: 1) failure defined as a further revision because of aseptic loosening of the femoral and/or acetabular components; 2) definite or probable loosening of the femoral and/or acetabular components; and 3) removal or further revision of either component for any reason. All scale variables were tested for normality by the Kolmogorov-Smirnov test. Student's t -test was used for parametric and the Mann-Whitney U test for non-parametric data. Fisher's exact test was used for all nominal comparisons. A p value of < 0.05 was considered to be significant for all statistical tests.
Results
The indication for revision was symptomatic aseptic loosening in 78 hips (91%), infection in seven (8%) and recurrent dislocation in one (1%). Of the seven infected hips, five had a one-stage revision and two a two-stage procedure. Gentamicin-impregnated beads were used for six weeks in both patients who had a two-stage revision procedure. An intra-operative assessment of acetabular deficiency was documented in 52 hips and of femoral deficiency in all hips. The final classification of pre-operative bony deficiencies of the acetabulum based on the intra-operative assessment and radiographs is shown in Table II , and for the femur in Table III . There was a minor peri-operative proximal femoral fracture in five (6%) patients. We managed four conservatively and one with cerclage wire. A trochanteric fracture was reported post-operatively in two patients (2%) and seven (9%) developed deep-vein thromboses. One developed a pulmonary embolus, three (4%) had palsy of the sciatic nerve which resolved in two and two (2%) developed a superficial infection which settled after treatment with antibiotics. There was a single dislocation, secondary to a fall, in four patients (5%) and one had multiple dislocations. Deep sepsis, requiring further procedures, occurred in two patients (2%). Clinical findings. At the final review, 71 patients (73 hips) were alive and their clinical outcome could be measured. There were 30 patients in Charnley category A, 19 in category B and 22 in category C. At last follow-up, the mean Harris hip score was 82 points (59 to 96). Forty-eight patients (67%) had a good or excellent result with a Harris hip score of > 79 points. The mean Harris hip score in the patients who were in Charnley category A was 84 points (78 to 89). It was < 70 in nine patients who, therefore, had a less than satisfactory overall result. The mean modified Merle d'Aubigné and Postel score in the 71 patients whom we reviewed was 5.0 (3 to 6) for pain, 4.9 (3 to 6) for movement and 4.4 (3 to 6) for mobility. The mean Oxford hip score was 23.4 (14 to 40) and the mean VAS score 5.7 (4 to 8). Seventeen patients (24%) complained of anterior thigh pain; the pain was mild (score 1 to 4) in 11 and moderate in six. At the most recent follow-up 36 patients (51%) used no assistive device to walk, 21 (30%) used one walking stick, nine (13%) required two walking sticks, and five (6%) were resident in a care home and needed a frame to walk. Quality of life using the EQ-5D questionnaire revealed a mean self-rated description score of 0.69 (0.51 to 0.89) and a mean health thermometer score of 79 (54 to 95). There was no statistically significant difference between these scores and the mean scores for the sample UK population adjusted for age (p = 0.51 and p = 0.44), respectively. Radiological results. The radiological outcome of the acetabular component was evaluated in 59 of the 62 acetabular revisions and in 81 of the 86 femoral revisions. For deceased patients, the last available radiograph was used. Bony ingrowth and radiolucencies around the acetabular component are detailed in Table IV with migration > 2 mm of the component being seen in two (3%) hips. Bony ingrowth was seen in at least 52 (81%) acetabular components indicating stable fixation (Fig. 1) . The mean acetabular inclination was 42.6˚ (33˚ to 64˚). The inclination was greater than 55˚ in four hips, all of which had significant pre-operative acetabular deficiencies (cavitary and combined defects). The overall mean linear polyethylene wear was 0.05 mm/year (0.01 to 0.51), but 0.06 mm/year when metal heads were used and 0.04 mm/year for alumina ceramic heads. No direct statistical comparison was possible between the groups because of the small number of alumina heads.
Major signs of osseointegration 42 were seen in 76 femoral components (94%). Bony ingrowth was seen in the metaphyseal region around the shoulder of the component (Gruen zones 2 and 6) in 43 hips (53%) (Fig. 2) . The mean subsidence was 1.9 mm (0 to 2.4). Radiolucencies and endosteal bone formation in all the Gruen zones are summarised in Table V . Stress shielding was seen around 23 femoral components (28%) in the proximal metaphysis. This was minimal in 15 (18.5%) and moderate in eight (10%). No proximal femur showed complete cortical resorption and the stress shielding did not progress after the first three years. The formation of intramedullary bone at the tip of the femoral component was seen in 61 components (75%). Minimal bone growth, as indicated by a radiopaque halo around the tip of the component, was seen in 29 of these (36%). Complete pedestal formation was seen in 24 (30%). Engh's fixation criteria showed 78 (96%) of the 81 femoral components to be stable. 42 Heterotopic ossification was seen within 24 months of the initial procedure in 12 (15%) of the 81 hips. The Brooker classification was grade I in five hips (6%) and grade II in seven (9%). Revisions. There were three re-revisions, two hips for deep sepsis (one two-stage re-revision and one excision arthroplasty). In both, infection had been the indication for the initial one-stage revision. For the third re-revision, the standard acetabular polyethylene liner was revised to one with a 10˚ posterior lip for recurrent dislocation. There were no re-revisions for aseptic loosening. Survival analysis. With failure defined as re-revision for aseptic loosening, the rate of survival at 12 years was 100% for both the acetabular and femoral component. With an end-point of definite or probable loosening, the probability of survival at 12 years was 93.9 (95% confidence interval (CI) 85.3 to 97.3) for the acetabular component and 95.6% (95% CI, 88.2 to 97.9) for the femoral component. Overall survival at 12 years, with removal or re-revision of either component for any reason as the end-point, was 92.3% (95% CI, 81.2 to 95.5).
Discussion
Our series of revision THA is unique because all our patients had failed cemented primary hip replacements and all the revision implants used were HAC-coated. The role of HAC coating is well established and it has been shown that the coating can form a chemical fixation to a strength comparable with cortical bone itself. 14, 15 Furthermore, absence of lysis around the femoral component of an HACcoated arthroplasty has been noted and it has been suggested that this layer may impede the access of polyethylene debris to the bone-implant interface. 48 Crawford et al 18 in their recent study, reported excellent medium-term results using an extensively HAC-coated femoral component.
Our primary aim was to report the long-term results of a consecutive series of patients with revision THAs using one type of fully-coated femoral component. We have been successful in following up all our patients. In other series, those lost to follow-up have been shown to have had a worse outcome. 49 Several authors have noted a high rate of dislocation (18%) after revision THA. 10, 50 In our series, the rate was 5.8%. It appears that this is significantly higher in isolated acetabular revisions compared with that in total hip revisions. 12 In contrast with other reports, the use of a posterior surgical approach did not increase our rate of dislocation. [51] [52] [53] Clinical results were assessed using the Harris hip score which is universally accepted and has been validated for patients with THAs. 23 The final mean Harris hip score in our series was 82 points with 67% having an excellent or good outcome. Related studies show good to excellent results ranging from 55% to 90%. 1, [54] [55] [56] [57] [58] We also used the Charnley modification of the Merle d'Aubigné and Postel scoring system since it is simple, validated and the outcome is indicated by three important criteria. 24 The values for pain and movement were consistently satisfactory in our patients and comparable with those of other studies. [59] [60] [61] [62] A quality-of-life assessment provides general outcome from the patient's point of view. The EuroQol is easy to use, even in elderly patients 63, 64 and can also be used for calculating the quality-adjusted life years. 65 The Oxford scoring system and the EuroQol complement each other. In our study, the EQ-5D scores were similar to those of the healthy sample population in the matched age groups and suggested a return to normality after surgery.
No patient in our series had disabling thigh pain although six described moderate pain. Various theories have been suggested to explain thigh pain which may be associated with cementless femoral components. Campbell et al 66 Because only standard AP radiographs were available for analysis, we could only assess the position of the acetabular component by its inclination from the horizontal. 36 Studies have shown that the ideal position in revision replacements is between 38˚ and 57˚. 70 The mean acetabular inclination for our patients was 42.6˚. Only four components had an inclination angle > 55˚. Of the five patients with dislocation, only one had an acetabular inclination greater than this which may have been a contributory factor.
The two-dimensional total penetration of the head was determined by the techniques described by Livermore and Dorr. [32] [33] [34] Two studies have shown that between 81% and 95% of the total wear can be estimated by measuring penetration on the AP radiograph only, indicating that the direction of the wear vector is almost coplanar with the frontal plane. 71, 72 The mean annual linear wear rate for our patients was 0.05 mm. This is similar to that in other series. 11, 73 Subsidence of the femoral component has been associated with instability and thigh pain and suggests mechanical failure. Subsidence of greater than 2 to 3 mm is probably pathological. 41, 43, 67 We saw subsidence of > 2 mm in nine patients (11%). Only one (1%) had thigh pain and all nine femoral stems had radiological signs of osseointegration, indicating a stable implant.
The probable rate of loosening of the femoral component of 4% in our series is comparable with that of other reports. Rubash and Harris 57 found loosening of cemented femoral components in 13% at six years and Lawrence et al 74 identified a similar loosening rate with fully coated components at nine years. Our re-revision rate was 3.5%, similar to that of other reports in which it ranged between 0% and 30%. 1, [55] [56] [57] [58] Our results are also comparable with those of isolated femoral and acetabular revisions. [10] [11] [12] 50, 75, 76 The limitations of our study include the retrospective collection of data and the lack of pre-operative clinical scores. The limited number of surgeons (two) involved in our study is both a strength and weakness. The surgeon bias is low and the weakness is in terms of the ability to make generalisations. With a critically low rate of progressive radiolucencies and a very low incidence of aseptic loosening, the use of HAC-coated components seems to be a logical option for the revision of failed cemented THAs. We feel that the longevity, durability and other interface changes will be further appreciated with continued follow-up.
